In the last two decades, the Peruvian economy exhibited rapid growth. Moreover, the composition of the labor force improved in terms of education and experience, two variables which are typically associated to higher human capital. The average worker in 2012 had a higher level of education and was one and a half years older than in 1998, re ‡ecting the impact of the demographic transition. However, the average real wage was roughly constant. We show that a decline in the wage premium for education, and to a minor extent for experience, is responsible for the lack of growth in the average real wage. Had these two premia remained constant throughout the period of analysis, average labor earnings would have increased by about 2.6 percent per year, of which 0.7 percentage points are accounted for the changes in the composition of the labor force in terms of age and education. We explore the role of the relative supply of workers with di¤erent levels of human capital as an explanation for the decline in the wage premium for education. Finally, we analyze the implications of these …ndings for some macroeconomic variables, as earnings and wage inequality, the labor share and total factor productivity.
This evidence leads to an obvious question: "Why does the average real wage in Peru remained stagnant in a period in which the composition of the labor force both in terms of age and education has improved and labor productivity has increased?". In this paper, we attempt to provide an explanation based on a careful analysis of the data of wages at a disaggregated level. Our analysis is mostly descriptive and to a large extent we let the data speak for itself. Still, issues of aggregation are considered in the context of an economic model, albeit a simple one.
The starting point of our investigation is the observation that there is substantial heterogeneity across age groups and educational levels in terms of the evolution of labor earnings and wages. Young and uneducated workers have experienced substantial earnings growth, while workers in the age and education categories which grew more during these years (35-44 age group, secondary and higher/non college education categories) featured either no wage growth or signi…cant real wage losses. Therefore, the wage premia for education and experience decreased signi…cantly during the period.
To assess the impact of changes in these two premia on the average wage we postulate a simple production function in which aggregate output is produced using physical and human capital. The key assumption is that the human capital of workers of di¤erent age and education are perfect substitutes.
The mapping between the individual levels of human capital and the observed relative wages is derived assuming pro…t-maximizing …rms and perfect competition in the labor market. In this setup, we show using a simple decomposition that average labor earnings and the average wage would have increased by about 2.6 percent per year had these two premia remained constant. This is roughly the rate of growth of average labor productivity; in this sense, the decline in the wage premium for education, and to a minor extent for experience, accounts for the lack of growth in average labor earnings and the average real wage.
According to our decomposition, changes the composition of the labor force in terms of age and education accounts for 0.7 percentage points of the rate of growth of the average labor earnings. The direct impact of improvements in education and the demographic trends on wages are then positive and signi…cant.
However, this impact is more than o¤set by the changes in the market return for these levels of experience and education whose relative supply grew more in the period. The second question that we ask in the paper is whether there is a connection between the increase in the relative supply of educated workers and the decline in the educational wage premium.
For this, we perform an alternative decomposition assuming imperfect substitutability between the human capital of workers with di¤erent levels of human capital. In this alternative setup, relative wages respond endogenously to changes in the relative supply of educated workers. Our quantitative analysis show that the observed changes the composition of the labor force in terms of education account now for a 2 percent decrease in the average wage, keeping the relative levels of human capital constant. Hence, a case can be made for the increase in the supply of educated workers been responsible for a large fraction of the decline in the wage premium and the gap between the growth of the average wage and the growth of aggregate labor productivity in Peru.
These …ndings have important implications for some macroeconomic variables, as the labor share, inequality, and total factor productivity. We show how the stagnation of the real wage in Peru is associated to a decline in the aggregate labor share of income. Also, we link the decline in the educational wage premium in Peru to an important reduction in earnings and wage inequality. Finally, we explore the impact on the growth of measured TFP (or the Solow residual) of the changes in the return to age and education. We illustrate how growth accounting exercises that consider only the changes in educational attainment (not on the wage premia) as a measure of human capital accumulation would grossly underestimate the contribution of TFP to economic growth in Peru.
Our paper contributes to a recent empirical literature focusing on the evolution of the returns to education and inequality in Latin America during the last two decades. Aedo and Walker (2012) show that in most Latin American countries the returns to schooling have decreased, reducing earnings and income inequality. Interestingly, the authors compare the experience of Latin America to the one in East Asian countries, where the increase in the coverage of education is not accompanied by a decline in the returns to education. In their view, the decline in the returns to schooling is the result of a mistmatch between the increase in the relative supply of skilled workers and the decrease in their relative demand. 2 Lustig et al. None of these studies analyze the aggregate implications of these labor market developments for the average wage, the labor share, and measured total factor productivity.
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There is also an rich literature on the evolution of inequality in Peru in recent years. Yamada et al.
(2012) show a 13.4% decline in the Gini coe¢ cient of income inequality between 1997 and 2010. Although income redistribution through social programs is partly responsible for this decline, they also mention as an important factor the increase in the relative wages of low skilled workers. Mendoza et.al (2011) and Jaramillo and Saavedra (2011), on the other hand, give a smaller weight to labor earnings in the reduction of overall income inequality and focus almost entirely on no-labor income, including government transfers. 4 Our study highlight the importance of the wage premium for education and the relative supply of educated workers in explaining the reduction in earnings inequality in Peru.
Finally, in a related paper, Castro and Yamada (2012) analyze the evolution of the returns to schooling for di¤erent educational categories in Peru. They …nd a "convexi…cation" of the wage pro…le during the 1990's, when individuals with no education and with higher education experienced wage gains at expense of workers in the middle of the distribution of years of schooling. This trend changed in the 2000's, when the returns for workers with higher education also declined. Castro and Yamada also correct for ability bias and …nd no signi…cant impact of selection. Their econometric speci…cation is consistent with a story of declining quality of education, which if supported by further direct evidence could be complementary to ours.
The paper is organized as follows. In Section 2 we introduce the data constructed from the household survey (ENAHO) and report some trends for the age and education composition of the labor force, as well as for labor earnings and wages in di¤erent age and educational categories. Section 3 performs a simple decomposition of average wage growth in changes in the composition of the labor force and changes in the wage premia, assuming perfect substitutability in human capital for di¤erent workers. Section 4 presents an alternative decomposition assuming imperfect substitutability of workers to account for the indirect impact 2 Aedo and Walker (2012) also test for some Latin American countries the hypothesis that a negative selection into education is driving the returns to schooling down, without …nding a signi…cant impact. They also …nd no evidence that a decline in the quality of education (as measured by international standards as PISA tests) can account for the fall of the educational premium. 3 In a companion paper, Infanzón and Urrutia (2014) implement the same methodology to analyze the e¤ects of the demographic dividend and the increase in years of schooling on the average real wage in Mexico and Chile. In spite of the very di¤erent growth experiences in the last two decades, in both countries the average real wage also remained stagnant. of changes in the supply of educated workers on the educational wage premium. We discuss in Section 5 the aggregate implications of these …ndings for the labor share, earnings inequality, and total factor productivity.
Finally, we conclude.
Data Overview
We use the main Peruvian household survey, the Encuesta Nacional de Hogares (ENAHO), carried on by the o¢ cial statistical agency (INEI) for the period 1998-2012. 5 We select from the whole sample individuals between 14 and 64 years old, working at least 35 hours a week and receiving a positive wage. The variables that we consider are age, education, total labor earnings and hourly wage. The education variable is divided in …ve categories by the maximum level completed: (i) no education; (ii) primary education; (iii) secondary education; (iv) higher, non college education; and (v) college education. Since in some cases individuals report multiple activities, we focus only on earnings received from the main activity. Real earnings and wages are computed using the GDP de ‡ator and adjusted from di¤erences in regional price indices using a spatial de ‡ator designed by INEI by departamento.
Demographic Trends and Educational Attainment
Starting in the early 1970's, the Peruvian economy exhibited a demographic transition characterized by a long-run decline in the population growth rates. As shown in Figure 1 , this transition accelerated in the early 1990's and lead to a gradual shift of the age pyramid to older categories. In our sample of workers taken from the ENAHO survey we also observe this shift of the age distribution between 1998 and 2012. the share of workers in the 35-44 age category, and a comparable decline of the share of workers in the 14-24
category. In addition, the average age of the sampled workers was about 32 years in 1998 and almost 34 years in 2012. These numbers are consistent with the long run aging of the Peruvian population.
The demographic trends are important because experience is an important factor in human capital.
At age 40 most workers are at the pick of their productivity, so an increase in the share of workers in the 35-44 age category should be associated to an increase in the average earnings potential of the labor force.
Our analysis will assess the contribution of this demographic bonus to average earnings and wages.
In parallel to these demographic transition, another important structural change in the Peruvian economy is the increase in education attainment. Between 1995 and 2010 the average years of schooling of the population (25 years old and older) increased by almost a year, from 9 to 10. As shown in the second panel of Table 1 , for our sample from ENAHO the share of workers with secondary and higher (noncollege) education increased signi…cantly from 1998 to 2012, reducing the share of workers with only Primary education or none.
Trends in Real Labor Earnings and Wages
The previous two developments imply that the average worker in Peru has become older and more educated in the last two decades. Typically, more education and experience are associated to a higher level of human capital and therefore higher earnings. Moreover, labor productivity for the overall Peruvian economy increased in this period at an annual rate of 2.5 percent, re ‡ecting both capital deepening and increases in total factor productivity. 6 However, as shown in Figure 2 , average real labor earnings and the average hourly real wage in Peru have remained basically ‡at, with some short run ‡uctuations around a zero trend.
If anything, there is a modest growth in the average wage of 0.2 percent per year between 1998 and 2012 (or 0.6 percent between 2002 and 2012), well below the rate of growth of labor productivity.
In the rest of the paper we attempt to shred some light on why has the average real wage in Peru not re ‡ected the demographic, educational and productivity gains of the labor force. For now, notice that there is substantial heterogeneity across age groups and educational levels in terms of the evolution of labor earnings and wages (see Table 2 ). 7 Young and uneducated workers have experienced substantial earnings growth, while workers in the age and education categories which grew more during these years (35-44 age group, 
Decomposing Changes in Earnings and Wages
We build a simple framework to account for changes in the average wage over time, distinguishing the impact of the composition of the labor force to the impact of aggregate labor productivity and changes in relative wages. We then use this decomposition to measure the contribution of each channel to the changes in the average wage in Peru between 1998 and 2012.
A Simple Framework
The starting point is a standard Neoclassical production function for the aggregate economy which combines physical and human capital to produce an homogenous good:
where Y t is real output, K t denotes the stock of physical capital, L t the labor force and h t the average level of human capital. The residual A t represents total factor productivity. Assuming for now perfect substitutability between workers, total human capital is de…ned as the sum of individual human capital levels:
where L a;e;t is the number of workers with age a (in years) and education e (classi…ed in the same …ve categories as before), and h a;e;t is the human capital of workers in each particular age/education category.
We rewrite:
a;e;t h a;e;t where a;t is the share of workers with age a and, among those workers, a;e;t denotes the share in education category e.
Firms'maximization leads to the standard …rst order condition In the previous decomposition, the shares of workers of di¤erent ages and in di¤erent education categories ( a;t and a;e;t ) can be obtained directly from the data. However, the mapping between the relative human capital ratios (h a;t andh a;e;t ) and relative wages is now more complicated, with h a;e;t = w a;e;t w a;0;t 
An Alternative Accounting for Earnings and Wage Changes
To compute the human capital ratios under the alternative framework we need a value for . Estimates in the literature range from 2 (0; 0:5), implying an elasticity of substitution between workers with di¤erent educational levels in the range of (1; 2) (see Katz and Autor, 1999) . Notice, though, that these estimates only consider two levels of skills and use mostly information for developed countries. Jones (2011) uses a more general structure with di¤erent human capital levels and cross country data and obtains an estimate of the elasticity of substitution of almost 2, implying 0:5. In our analysis, we use this estimate for and perform some sensitivity analysis around it.
Given , we use Equations 6 and 7 to construct the relative levels of human capital in our dataset and perform the decomposition in Equation 5 . The results are reported in Table 4 . By construction, total changes and the contribution of the baseline salary are the same as in Table 3 . However, the contribution of the composition of the labor force includes now the indirect impact on the wage premia, via the relative supply of each type of human capital. The contribution of the relative human capital, on the other hand, represents changes in the wage premia that cannot be attributed to changes in relative supply. .
As expected, in this alternative setup the contribution to the average wage growth of changes in the composition of the labor force becomes negative, while the negative contribution of changes in the relative human capital is reduced signi…cantly. In particular, the implied contribution of changes in relative human capital by educational categories is between half and one third of its value in Table 3 , since the other half is accounted for the endogenous response to the relative supply of educated workers. Table 5 : Sensitivity Analysis for the Alternative Decomposition Table 5 shows the sensitivity of this alternative decomposition to changes in the elasticity of substitution between workers of di¤erent educational levels. We only focus on labor earnings since the results with respect to hourly wages are very similar. As expected, increasing the elasticity of substitution reduces the negative impact on the average wage of the supply of educated workers. The limit case with perfect substitution is obtained with ! 1. On the other hand, reducing this elasticity ( ! 0) increases the negative impact of the composition of the labor force in terms of education, implying a positive impact of the relative levels of human capital by education, which is obtained as a residual.
In summary, with a reasonable elasticity of substitution we can explain an important fraction of the decline in the wage premium for education and its impact on the average wage as the result of the relative increase in the supply of educated workers.
Some Macroeconomic Implications
We conclude this exploratory analysis by highlighting two macroeconomic implications of the evolution of wages in Peru in this period: A declining labor share and a reduction in earnings and wage inequality. While some empirical literature have already mentioned these two facts in a more general context, our analysis helps to link them, at least for the case of Peru, to the observed changes in the wage premia for education
and experience. We also analyze the impact of the changes in relative wages for growth accounting and the calculation of the contribution of total factor productivity.
Declining Labor Share
One obvious implication of real wages growing at a slower rate than labor productivity (see again Figure 2) is a decline in the labor share of income. Figure 3 The decline of the labor share seems to be a global trend. Karabarbounis and Neiman (2013) report a comparable fall in the U.S. and other advanced economies starting in 1980. Rodriguez and Jayadev (2010) show a similar trend for most regions in the world, in particular for Latin America where the decline in the labor share signi…cantly accelerated starting in 1995. Our framework relates the decline of the labor share to changes in the wage premia for education and experience.
Earnings and Wage Inequality
The observed changes in relative wages have also implications for inequality. Figure 4 , constructed using our original database in Section 2, shows an important reduction in the cross-sectional Gini coe¢ cients for both labor earnings and the real hourly wage. These trends are a natural consequence of the decline in the wage premia for secondary and higher education, as discussed by Aedo and Walker (2012) In the case of Peru, di¤erent studies show a reduction in the overall income inequality during this period. 11 This is remarkable considering the decline in the labor share, which would suggest higher polarization between workers and capital income earners. However, the impact of the reduction in wage disparity among workers seems to be the key factor to understand the evolution of inequality.
Human Capital and Total Factor Productivity
Consider the production function postulated in Equation 1, with a constant capital share . Standard growth accounting exercises decompose the growth of output per worker in three components: the rate of growth of total factor productivity (TFP); the contribution of capital deepening; and the contribution of the growth of the average human capital per worker:
Considering the period 1998-2012, the left hand side is about 2.5 percent per year, while the rate of capital deepening d K=L is about 1.1 percent. 12 Therefore, estimates of the growth rate of TFP clearly depend on the measures of the labor share and the growth rate of human capital used in constructing the residual: b A = 2:5% 1:1% (1 ) b h = 2:1% 0:6 b h using = 0:4. Growth accounting exercises that ignore human capital changes would attribute the whole 2.1 percent to changes in TFP. We want to explore the impact on the TFP contribution of the changes in the return to age and education. 13 For this, notice that using the measure of human capital per worker postulated in Equation 2 and the corresponding notation thereafter, we can write: ! where b h 33;1 is the rate of growth of human capital for workers which are 32 years old and have no education.
As a raw calculation, let's assume that b h 32;0 = 2:5% so that all wage gains for these individuals represent 2009. Our estimated contribution for capital deepening is larger because of the latest years in our sample. 1 3 An interesting question that we ignore is the impact of changes in the labor share over time for growth accounting. aggregate productivity gains. Then, using the numbers in Table 3 for labor earnings, b h 2:5% 2:02% = 0:48%, so that the implied rate of growth of TFP would be about 1.8 percent per year.
Notice, though, that the results change signi…cantly if we ignore the evolution of the relative levels of human capital, re ‡ected in the wage premia for di¤erent age and category: ! This alternative measure of the growth of human capital only consider changes in the composition of the labor force, in particular changes in educational attainment. Using again the numbers in Table 3 for labor earnings, we would obtain c h 2:5% + 0:71% = 3:21% and hence an implied rate of growth of TFP of about 0.18 percent per year.
The bottom line is that considering only the changes in educational attainment as a measure of human capital growth would grossly underestimate the contribution of TFP. 14 Changes in the relative productivity of di¤erent types of workers, re ‡ected in their relative wages, implies in the case of Peru a much smaller growth in the aggregate human capital (in spite of the educational gains) and hence a higher growth rate of the TFP residual.
Conclusions
We started this investigation by asking the question: "Why does the average real wage in Peru remained stagnant in a period in which the composition of the labor force both in terms of age and education has improved and labor productivity has increased?" We have shown that a signi…cant part of the explanation lies in the observed changes in relative wages, especially in the decline of the returns to education. Average labor earnings and the average real wage would have grown at a rate of about 2.6 percent per year, roughly corresponding to the rate of growth of aggregate labor productivity, had these returns remained constant during the period.
The next question is, or course, how to account for the decline in the relative wage of educated workers. We show that the observed increase in the supply of educated workers could be partly responsible for cannibalizing the returns to education. However, a deeper analysis is required to disentangle these e¤ects from changes in the demand for workers with di¤erent levels of education arising from technological change, sectoral shifts of production, and so on.
Answer to these questions are key to understand the evolution of inequality and the decline in the labor share, and to measure properly the contribution of total factor productivity to economic growth. Moreover, the empirical literature shows that some of these developments are common to a wider set of Latin American countries, hence the relevance of this topic for economic development in general. 1 4 This concern applies to studies which use a Mincerian speci…cation for human capital as a function of years of schooling and a constant return to education over time. An example is Daude and Fernandez-Arias (2010), which …nd in the context of Latin American growth experience a relative large contribution of human capital and hence a low contribution of TFP. Our analysis favors growth accounting exercises which use "aggregate labor quality indices" constructed from micro data (following for instance Jorgenson et al.,1987) .
